The Apgar score is a convenient method to rapidly assess the clinical status of the newborn infant. Recent literature suggests Apgar scores vary widely in preterm infants.
The first assessment an infant receives in the delivery room is supplemented by the assignment of Apgar scores. In 1952, Virginia Apgar introduced an infant scoring system at the 27th Annual Congress of Anesthetists as a method for comparison "of the results of obstetric practices, types of maternal pain relief and the effects of resuscitation." 1 Her efforts culminated in a new score, the "APGAR" score, evaluating color, heart rate, grimace, muscle tone, and respiratory effort. After ∼60 years in practice, the Apgar score remains widely used by clinicians, nurses, and other neonatal caregivers. It serves both as a measure of the infant' s clinical status as well as a measure of the infant' s response to resuscitation. Various studies have attempted to link low Apgar scores to infants at increased risk for mortality and cerebral palsy. [2] [3] [4] [5] [6] [7] Despite its international recognition and use in the delivery room, the score' s value in preterm infants has been challenged. Several small studies have shown variation in scoring of preterm infants, particularly when artificial ventilation is instituted in the first 10 minutes of life. [8] [9] [10] O'Donnell et al 11 previously described variation in the 5-minute Apgar score, both in term and preterm infants, when participants were shown 10-second video clips. This variation occurred regardless of illness severity and did not differ among groups of medical and nursing staff. In a separate study, O'Donnell et al 12 also showed significant variation in color even when resuscitation was not needed. Finally, a review of 255 Polish neonatal centers found that almost 90% of the neonatologists surveyed believed the Apgar score to be of little value when assessing hypoxic preterm infants. 13 The aims of the current study were first, to evaluate the effect of gestational age and respiratory support on interobserver agreement of Apgar scores in preterm infants #28 weeks' gestation compared with term infants and, second, to determine which components demonstrate the least agreement. Our hypothesis was that as gestational age decreases in preterm infants, there would be a decline in interobserver agreement. Our second hypothesis was that as respiratory support decreased, agreement would increase. Our third hypothesis was that muscle tone and grimace, components that depend on the infant' s physiologic maturity, would demonstrate the least agreement.
METHODS

Study Population
Because of their delivery room experience and familiarity with the Apgar score, neonatologists were identified as the most suitable participants for this study. In February 2011, members of the Perinatal Section of the American Academy of Pediatrics received an e-mail describing the study and inviting them to participate in a secure online survey to score 4 cases at 1, 5, and 10 minutes of life. Participants were sent reminder e-mails at 2 and 4 weeks after the initial e-mail and were allotted 2 months for survey completion. Approval for the study was obtained from the University Hospitals Institutional Review Board in Cleveland, Ohio.
Film Clips
Filming occurred between July 2010 and January 2011. Before filming, informed written consent was obtained from 1 parent for each case and verbal consent from the resuscitation team. A Sony digital video camera, mounted on a tripod near the infant' s head or feet, recorded the resuscitation once the infant was placed on the warmer table. Final Cut Express (Apple, Inc, Cupertino, CA) was used to edit selected film clips to remove audio and any personal identifiers of both the infants and delivery room personnel.
Case Descriptions
The survey consisted of 4 delivery room cases that appeared in random order for each participant. However, the individual clips at 1, 5, and 10 minutes of life for each case were not randomized. At 1 minute of life, 5 minutes of life, and for the preterm infants, 10 minutes of life, respondents were provided with the infant' s heart rate and viewed 30 seconds of the delivery room resuscitation. The participant was unable to save answers and return to finish the survey at a later time. Case 1, the study control, depicted a full-term infant (∼38 weeks' gestation) in room air who was vigorous and breathing spontaneously at 1 and 5 minutes of life. This case was used to establish the expected and acceptable value for observer agreement. In case 2, participants were shown a preterm infant, ∼24 weeks' gestation, presenting with minimal and ineffective respiratory effort, low heart rate, and poor tone. Despite positive pressure ventilation (PPV) with a t-piece resuscitator, the infant became limp (no flexion) with no visible respiratory effort shortly after 1 minute of life. This period of marked deterioration lasted until the infant was intubated. Intubation, at ∼8 minutes of life (time interval not shown to viewers), coincided with an improvement in heart rate, activity, and the appearance of some respiratory effort. In case 3, respondents were shown a preterm infant, ∼28 weeks' gestation, who presented with ineffective respiratory effort that quickly improved with initial resuscitation by 1 minute of life. Activity, tone, and heart rate remained stable for the remainder of the resuscitation, which included continuous positive airway pressure (CPAP) with a face mask. In case 4, ARTICLE survey participants were shown a preterm infant, ∼28 weeks' gestation, who presented with persistent ineffective respiratory effort and was subsequently intubated by 5 minutes of life. It should be noted that during moments of resuscitation when infants were receiving mask ventilation, assessment of grimace (visibility of the eyelids, cheeks, and chin) may have been challenging.
Statistical Methods/Power
Fleiss' k coefficient was used for multiple raters, a measure of interobserver agreement where a k of 1 equals perfect agreement, a k of 0 equals chance agreement, and a k of -1 equals complete disagreement. Interpretation of k coefficients for this study was based on the standards set forth by Landis and Koch 14 : ,0 = poor, 0.01 to 0.20 = slight, 0.21 to 0.40 = fair, 0.41 to 0.60 = moderate, 0.61 to 0.80 = substantial, and 0.81 to 1 = almost perfect. The k coefficient presumes that a large number of subjects are evaluated by a small group of expert raters. With a fixed sample size and an acceptable level of k determined to be 0.80 for this study, at least 5 raters were needed to be 95% confident of achieving a "substantial" level of interobserver agreement. 15 Analysis was performed with R program version 2.13.1 (R Foundation for Statistical Computing, Vienna, Austria), and confidence intervals were calculated according to Fleiss' methodology. 16 
RESULTS
Responses were received from 335 members of the Perinatal Section of the American Academy of Pediatrics. Of the 335 members who responded to the survey, 312 members provided completed scoring for all 4 cases. Seventy-five percent of the respondents acknowledged $12 years of delivery room experience. Figure 1 is a representation of the distribution of total Apgar scores for each of the 4 cases. When compared with the full-term infant, the distribution of total Apgar scores in the preterm cases was wider at 1, 5, and 10 minutes of life.
For case 1 (term infant, room air), the Apgar components heart rate, respiratory effort, grimace, and muscle tone, demonstrated almost perfect agreement (Table 1) 
DISCUSSION
This study suggests that interobserver agreement for respiratory effort, grimace, and muscle tone demonstrates considerable disagreement when Apgar scores are assigned to preterm infants #28 weeks' gestation, compared with active term infants in whom agreement is strong for all components measured except color. A marked exception is the strong agreement noted in preterm infants when they are apneic and limp, suggesting that observers agree when the preterm infant' s condition is extremely poor but disagree when some respiratory effort and activity are present. This observation in the extremely sick infant is consistent with Apgar' s own conclusion that "variation is rare in infants with high or low scores." 1 We propose that a significant factor contributing to disagreement in scoring respiratory effort is rooted in the level of respiratory intervention, including CPAP and intubation. With newer methods of noninvasive ventilation being used and recent data suggesting a beneficial role for CPAP over prophylactic intubation in the delivery room, 17, 18 confusion surrounding scoring of respiratory efforts is likely to persist as Apgar scores remain in use during resuscitation. Curiously, while noting that 37% of the infants in her study received PPV by mask or endotracheal tube, Apgar did not speculate on how the type of airway intervention would affect scoring of respiratory effort. 1 The Committee on Fetus and Newborn previously introduced an "Expanded APGAR score" that considered different modalities of respiratory intervention, but to date this score has not been widely accepted for use. 19 Alternatively, elimination of the respiratory effort component with a more objective measure of respiratory status such as mode of respiratory support may lead to improved interobserver agreement.
Both grimace and muscle tone exhibited variable agreement in the 3 preterm case scenarios. As in scoring for respiratory effort, agreement was good when respondents judged the infant to be limp but demonstrated disagreement when the infant displayed any signs of activity. The concern that observers do not agree on assessing grimace and muscle tone is not novel. Previous studies have suggested that developmental immaturity influences the score infants receive for these Apgar components. 20 Apgar' s original paper stated "the usual testing method" for scoring grimace involved "suctioning the oropharynx and nares with a soft rubber catheter," a practice no longer recommended or routinely performed. Today, face masks and intubation equipment, items often used during resuscitation of preterm infants (including during our study), can create difficulties in assessment of grimace. Even if the mask was removed briefly to assess grimace, this action has the potential in the smallest of preterm infants to cause de-recruitment of alveolar space and hypoxia. 
ARTICLE
Of the 335 neonatologists who participated in the survey, an overwhelming majority (n = 312) provided complete scoring for all 4 cases at each time point. Based on e-mail feedback, a small number of users experienced technical issues that prohibited various clips from appearing correctly. We also speculate that some users may have failed to register their answers when using their mouse to click answer choices.
Finally, although we did not include as an original aim for study the evaluation of color, described by Apgar as "by far the most unsatisfactory sign," 1 we did find significant disagreement in each of the 4 scenarios. This was the only clear point of disagreement in the healthy term infant. Although some of the variation in our study can be attributed to computer monitor settings, O'Donnell et al 12 have previously demonstrated disagreement when Apgar scores are assigned for color.
The study limitations were related mostly to our survey design. A survey length .15 minutes would contribute significantly to participant fatigue. As a result, the online survey was constrained to 4 cases with a limited range of gestational ages. We also reduced the clip duration to 30 seconds. However, one could argue that because these scores are intended to be assigned quickly, 30 seconds would provide ample time for infant assessment. Finally, despite our best efforts to include satisfactory camera angles of the infant, we understand that some participants may have found evaluation of some components difficult. However, adequate visualization of the infant during the resuscitative process is often challenging even when participants are present in the delivery room.
CONCLUSIONS
This study calls into question 4 of the 5 parameters used when Apgar scores are applied to preterm infants. Score refinements are needed if the score is to continue to provide useful information regarding resuscitative decisions made at birth. An improved score may lead to consistency in assessment among medical care professionals when describing the clinical status of an infant by more accurately reflecting the physiologic immaturity of the preterm infant and by incorporating the latest advances in respiratory intervention. 
